As emphasized by the U.S. Dodd-Frank Act and the European MiFID directive, financial institutions are required to "categorise their clients and assess their suitability for each type of investment product." In this framework, this paper examines several standard financial structured products whose performances are based on smoothing the return of an underlying asset and providing a guarantee at maturity. We use various criteria such as probabilities of providing merely the guarantee at maturity and performances with respect to Kappa measures. Surprisingly, our study reveals that funds based on averages of calls generally do better than Asian funds.
Introduction
The suitability of complex financial products for retail investors is one of the main important issues in light of investor financial protection. As mentioned by Chang et al. (2013) , the U.S. Dodd-Frank Act (enacted into law on July 21, 2010) requires that the adequacy of structured products to retail investors has to be checked. The European MiFID directive (initiated in 2004 and implemented in November 2007) has also clearly emphasized that financial institutions must categorize their clients and check the suitability of investment products to the risk attitude of customers. These latter ones are considered as "eligible counterparts" and correspond to either professional customers or retail customers. "The appropriateness of any investment advice or suggested financial transaction must still be verified before being given." 1 As of July 2012, assets under management on the French retail market for structured products 2 amount to 48, 6 billion euros, representing about 4% of the total assets under management. 3 Most of them are of a convex payoff type and do not pay coupons during their lifetime. In the case of French structured products, the subscription period is generally a limited period after which the fund is issued with a fixed number of shares. The investor is then strongly advised to keep his shares until the maturity date of the fund. Structured products are closed to new subscriptions from the inception date, except for subscriptions made for the sole purpose of offsetting redemptions initiated by the holders of the fund.
Thus, there is no real secondary market: only the financial institution which issues the structured product can buy back shares sold by the retail investor. For example, during the months of September and October 2012, less than 10 million euros' worth of share were sold back by investors, that is about 0.02% of the assets under management in structured products. If the investor sells his shares before the expiry date, the price offered will depend on the market parameters on that day (net of redemption fees). It may be very different (lower or higher) from the amount obtained by straightforward application of the formula and is not forecastable.
91% of the total amount of structured funds are managed with a capital guarantee clause. They involve portfolio insurance (PI), which has been used extensively by the financial management industry in equities, bonds and hedge funds. PI is particularly valuable during a financial downturn, allowing a given percentage of the initial portfolio value to be recovered at maturity. One of the standard portfolio insurance methods is Option Based Portfolio Insurance (OBPI), introduced by Leland and Rubinstein (1976) . 4 The portfolio is invested in a risky benchmark asset S covered by a listed put written on it. The strike K of the put is equal to a predetermined proportion of the initial investment. This amount corresponds to the capital that is insured at maturity whatever the value of S at the terminal date T . 5 Hereafter, we will only consider capital-guaranteed structured products.
About 32% of French capital-guaranteed structured products combine a guaranteed return at maturity with a bonus based on smoothing the price variations of a reference portfolio, typically a financial index, using two main methods. The first used by 14% of the guaranteed funds, is linked to an Asian call option. Such funds deliver part of the positive performance of the average of risky asset values during the management period. The second used by 18% of the guaranteed funds, is based on an average of past positive performances of the benchmark asset (at a given date, the performance is considered positive if the value of the risky asset is higher than the initial value of the underlying asset).
Both methods smooth the performance of the underlying asset over time. They reduce the consequences of a decline in value of the underlying instrument near or at maturity. Due to their averaging feature, such options can provide lower volatility than their underlying assets, which can be indices, baskets of stocks, baskets of indices or baskets of funds. In the remainder of the paper, we consider only funds for which the underlying asset is a financial index. 6 As mentioned previously, the path-dependency derives from various averages of monthly or quarterly returns. The question, however, is wether these funds are more suitable than the standard OBPI, and which kind of fund is the best choice according to specific financial decision criteria.
Our results suggest that, for investors focusing only on expected return, Asian funds are preferred, since the expectation of the Asian fund return is higher than the expectation of the Average fund return. These investors are risk-neutral investors, which seems to contradict the fact that they simultaneously require capital protection. But, as soon as potential risk aversion or implicitly loss aversion are taken into account, the ranking is reversed. We also establish that the probability of providing merely the insured amount for the Average fund is much higher than the same probability for the Asian fund. Within the context of structured products, ending up merely at the insured level is a major concern for investors. In such case, investors obtain less than the riskless rate.
The paper is organized as follows. Section 2 is devoted to the modelling of both kinds of funds and to the study of their valuations. We first search for analytical expressions of their theoretical values. Where this is not possible, due, for example, to discrete-time variations, we rely on Monte Carlo experiments to compute their values. Section 3 compares the different types of funds using various criteria, such as basic properties of the cumulative distribution functions of their respective returns. We also introduce Kappa performance measures, among them the Omega and the Sortino ratios. As a by-product, we also compare both these funds with the most common structured financial contract, namely the OBPI fund. After studying the standard geometric Brownian motion (GBM) case, we also consider that the risky asset dynamics may involve jumps. For this purpose, we introduce a double exponential Lévy process, as in Kou and Wang (2004) . We calibrate this latter stochastic process using both the S&P 500 and the Dow Jones Euro Stoxx 50 Index data set. Technical details are available in the Appendix.
• The performance S i of the underlying index (for example, the Dow Jones Euro Stoxx 50 Index) with respect to the initial value S 0 is taken into account each i-th time period (1 ≤ i ≤ nT ) since inception. The usual frequencies observed are : monthly (n = 12), quarterly (n = 4), half-yearly (n = 2) and yearly (n = 1). Then, the final performance of the index is obtained by computing the arithmetic mean of the nT performances, S i . 7 The fund is based on a given percentage of the previous arithmetic mean, which is added to the guaranteed capital V 0 . The latter percentage is adjusted in order to meet the budget constraint (i.e. the initial value of the fund must be equal to V 0 ). We express it as a percentage α as of the value V 0 .
Thus, at maturity, the payoff V T of this fund is defined as follows:
with
+ in expression (1) represents the payoff of a discrete arithmetic Asian Call on the index with a strike price equal to the initial price S 0 of the index. We denote its price by Call Asian (T, A (T ) , S 0 , r) where r corresponds to the riskless interest rate. Therefore, at time 0, the budget constraint is given by:
7 The dividends received from the index by the fund are not transferred to the investors.
4 from which we deduce that the parameter α as must be chosen such that:
Note that the return of the strategy over the period [0, T ] is also defined by:
Guaranteed funds based on average positive performances
Instead of considering only the average of the index values from inception to expiry, as for the Asian options, account is taken of the average of past positive performances with respect to a given underlying asset value, usually the initial one S 0 . The performances (monthly, quarterly or half-yearly) are defined by averages of calls with strike equal to the initial value S 0 of the underlying risky asset. The payoff of a guaranteed fund based on average (excess) performances is defined as follows:
• After T years of the management period, the initial portfolio value V 0 (which corresponds to the given initial investment) is guaranteed:
• The computation of the final performance is performed at the maturity date, T , in the following way:
-Each semester i (or month or quarter), the level S i of the index is recorded;
-If this level is smaller than the starting value S 0 of the index, the positive performance is equal to 0;
-At the end of T years, the arithmetic mean of the nT positive performances is computed;
-The final performance of the fund is equal to α av V 0 of the previous average performance added to the guaranteed amount V 0 .
Thus, at maturity, the payoff of this fund is defined as follows:
Therefore, only the S i values of the underlying index which are higher than the initial S 0 value are taken into account in the formula.
We denote by Call (i, S, K, r) the price of each call option with maturity i, strike K, underlying S, and riskless interest rate r. We deduce that, at time 0, the budget constraint is given by:
Thereafter, we denote:
Again, parameter α av is chosen such that the initial price V 0 solves equation (6):
The return of the Average strategy over the period [0, T ] is given by:
Valuation of the Asian and Average funds
As mentioned previously, we must find the parameters α as and α av that meet the budget constraint. For this purpose, we need to valuate the optional component of the structured product. First, we must describe the financial market. Despite the discrete-time features of structured products, we can consider that the price of the benchmark risky asset follows a continuous-time process. For the valuation, using complex dynamics corresponding to continuous-time monitoring and continuous-time information flows is the subject of a debate. When structured products are appraised, usually they are examined in the geometric Brownian motion case (GBM) for various parameter values, as it is considered in one part of this paper (see e.g. Stoimenov and Wilkens, 2005) . Note also that El Karoui et al. (1998) show that we can get upper bounds for prices of both European and Asian options by using a Black-Scholes model with constant volatility under the assumption that this latter one is higher than the stochastic volatility. Consequently our approach which measures the effect of a constant volatility lying from 15% to as much as 40% is legitimate.
Second, as the GBM assumption may be questioned, we investigate what happens for other dynamics. It is well-known that, for portfolio insurance, one major risk is that sudden drops occur in the risky asset dynamics, which is not taken into account by main stochastic volatility models leading to diffusion processes without jumps. To model the risky asset dynamics, we have also chosen another rather standard financial modelling, namely the double exponential Lévy process. Why? Nowadays, this model is wellknown and rather popular due to its tractability. It is also rather flexible to fit data as illustrated by Kou and Wang (2004) and Ramezani and Zeng (2007) . Of course, it involves a jump component. Note that the occurrence of jumps generates (non-continuous) volatility (see Relation 12 below).
For the illustrations, we use the GBM hypothesis for the simulations with respect to various parameter values. However, we introduce the double exponential Lévy process for numerical illustrations based on an empirical analysis on both the S&P 500 and the Dow Jones Euro Stoxx 50. Indeed, for the empirical analysis, since the statistical results (based on the maximum-likelihood method) are in favor of the presence of jumps, we use the double exponential Lévy process instead of the standard GBM. 8 The standard model is the well-known geometric Brownian motion where the stock index price dynamics is given by the following stochastic process:
where µ and σ are constant (σ > 0) and W denotes a standard Brownian motion with respect to a given filtration (F t ) t .
It implies:
Under the (unique) risk neutral probability measure Q, we have
, where r denotes the riskless interest rate and process W is a Brownian motion with respect to Q. Such an assumption is commonly introduced when dealing with the pricing of structured funds. In what follows, we examine how prices and returns evolve according to various choices of drift µ, interest rate r and volatility σ.
One of the most straightforward ways to include jumps in the index price dynamics is to add an independent compound Poisson process to the diffusion component. This introduces two additional independent sources of randomness:
• A Poisson process N which is independent from a Brownian motion W J and which models the jumps arrival times T n , with intensity λ (i.e. the average number of jumps per unit of time). 9 N t = Tn≤t 1 is the process which counts the number of jumps on [0, t].
• A sequence of independent and identically distributed (i.i.d.) random variables that correspond to the random jump sizes.
The dynamics of the index price S J in the presence of jumps is given by:
where the sequence of relative jumps ∆S J Tn /S J T n− n is a sequence of i.i.d. random variables. We deduce:
We denote by b the common expectation of the relative jumps and by c the expectation of their squares. Expectation and variance of the risky asset return are given by:
In what follows, we consider the double exponential Lévy process. This kind of dynamics was applied to option pricing by Kou and Wang (2004) and has been widely used since (see e.g. Bertrand and Prigent, 2011) . It is based on a Brownian component with drift and a jump component modeled by a compound Poisson process with jump sizes having a double exponential distribution. In this case, the risky asset price follows the following stochastic differential equation (SDE):
where the relative jump sizes
has an asymmetrical double exponential distribution with a probability density function (pdf) given by:
where p, q ≥ 0 are respectively equal to the probability of an upside jump and a downside jump (p+q = 1). It means that: . Note that the processes (N t ) t , (W J,t ) t and the sequence (Z n ) n are assumed to be independent. The solution of the SDE (13) is given by:
Note that we have:
and: 10 Denote by X t the discounted process of the log returns of S t . We have:
In what follows, we examine the pricing of structured products in such a dynamic framework.
Valuation of "Asian" fund.
To obtain the value of parameter α as , we need to calculate the value of the Asian call, namely
Note that, even with GBM, no exact analytical pricing formula is available for Asian options defined in terms of arithmetic averages. Thus, several analytical approximations have been proposed to approximate the distribution of the average Turnbull and Wakeman (1991) attempted to approximate the distribution of the arithmetic average (for which no simple specification is known) by a more tractable one. Nevertheless, this approximation does not work very well for long term options. Here, we compute the price of the Asian option by running a Monte Carlo experiment with control variate technique as in Boyle, Broadie and Glasserman (1997).
We use the standard no-arbitrage pricing theory, which implies that the initial value of the Asian call the satisfies:
If Z has a Gaussian distribution, we obtain exactly the jump-diffusion model proposed by Merton (1976) .
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where Q is a risk-neutral probability. For GBM, the measure Q is unique. For the jump-diffusion model, given that the market is no longer complete, the measure Q is no longer unique.
We assume, as in Merton (1976) , that the extra randomness due to jumps can be diversified away, which implies that the distributions of jumps under the historical probability and the risk-neutral probability are identical. Therefore, under the risk-neutral probability Q, the dynamics of the risky asset is given by: 11
where W J is a standard Brownian motion under Q.
Valuation of "Average" fund.
To obtain the value of parameter α av , we need to calculate the value of the Average of calls (see equation 7) . The valuation of the "Average of calls" is much easier since it corresponds to a sum of standard European calls with different maturities i. Using the same no-arbitrage valuation arguments as previously, we get:
where
Note that Relation (15) involves amounts (S i − S 0 ) + which are not remunerated at the riskless rate r during the remaining time periods [i, T ]. Indeed, only the amount (S i − S 0 ) + is delivered at global maturity T .
Comparison of funds
Both the Asian and the Average funds provide full insurance on the initial capital V 0 and both enable fluctuations of the underlying risky asset to be smoothed, but via different methods: for the Asian fund, using the excess of the average of periodic returns with respect to the initial risky asset value S 0 ; for the Average fund, using the average of the excess of the periodic returns with respect to S 0 . These two funds (or strategies) can thus clearly be compared, since they are competing investment vehicles (using Monte Carlo simulations under the "real-world probability measure"). We also use the OBPI strategy as a benchmark case. 12 
Comparison of parameters α as and α av
To compare parameters α as and α av from Equations (3) and (7), we must compare the price Call Average (T, S, S 0 , r) with the price Call Asian (T, A (T ) , S 0 , r). Applying Jensen's inequality to the convex function x + = M ax(x, 0), we deduce that the payoff of the Average of calls is higher than the payoff of the Asian option:
rT , which is a necessary condition since Q is a risk-neutral probability. 1 2 The Option Based Portfolio Insurance (OBPI) is defined in the following way :
Therefore, the price Call Average (T, S, S 0 , r) of the Average of calls is also higher than the price Call Asian (T, A (T ) , S 0 , r) of the Asian option. Thus we deduce that α as ≥ α av .
In conclusion, the payoff of the Average of calls is higher but its weight, α av , is smaller than the weight of the Asian payoff, α as . Consequently, the comparison of the payoffs of both corresponding funds is not straightforward even if the initial value, V 0 , of the funds is the same.
Performances with respect to different scenarios
We begin by illustrating the behavior of both strategies as well as the OBPI when some typical paths of the underlying index are followed over six years, for an initial fund value of 100. 13 First, in a bullish market, both path-dependent strategies capture part of the increase of the risky reference asset S ("the market"). The Asian-type strategy performs slightly better than the Average strategy, as shown in Figure (1.A) . In this case, the OBPI is the best strategy because it does not depend on an average, but only on the terminal value of the underlying asset. 
while the OBPI fund satisfies:
It means that OBPI payoff is higher than the others.
This case corresponds to 
When, at the end of the management period a net market downturn has occurred, all three strategies merely deliver the guaranteed capital (see Figure 1. 
B).
Another pattern that is commonly encountered in financial markets is when the market is first bullish and then bearish, with a terminal value below the starting one. In such a case, the Average strategy takes advantage of its "call feature at each date", which prevents values below the initial value from being taken into account when computing the average. Accordingly, it performs better than the Asian strategy, for which values below the initial value are taken into account in the calculation of the average.
The OBPI winds up at the guaranteed value, since it only depends on the terminal value of the underlying asset (see Figure 1 .C). The market can also be first bearish then bullish, with a final value above the initial one. Again, the Average strategy performs better than the Asian one for the same reasons but the OBPI is the best strategy (see Figure 1.D) . 
First four moments
We now examine the first four moments of both Asian and Average strategies with GBM. Using Monte Carlo simulations 14 , we obtain the rate of return of these strategies over the whole period for various values of the financial market parameters 15 (µ, σ) and of the length of the management period, T . More specifically, we consider that the continuous-time annual expected return µ of the index varies from 5% to 10% and that the continuous-time annual volatility varies from 15% to 40%. The average in both products is computed on a quarterly basis which is the most common case. The maturity of the structured products ranges from 4 to 14 years. After running Monte Carlo simulations, we obtain that the return of both strategies is increasing in the expected return of the underlying index and decreasing in the volatility of the return of the underlying index. Regarding the standard deviation of the return of both strategies, it is increasing in both volatility and expected return of the underlying index. Thus, a rise in the volatility of the underlying index has a negative impact on both performance and risk of the strategies. For instance, for the Average strategy, 16 given an annual expected return of 7% for the underlying index and a time to maturity of 8 years, an increase in its annual volatility from 15% to 40% is accompanied by a decrease in expected return from 51.14% to 39.04%, while at the same time its standard deviation increases from 45.51% to 75.42%. If we consider only the first two moments of the strategies (i.e. the expected return and the risk), we note that the Average fund always delivers less expected return and less standard deviation than the Asian fund. Thus, there is no mean-variance dominance between these two funds, as shown in Table 1  and Table 2 for T = 8. Now also taking account of the OBPI strategy, Table 3 provides the first four moments together with the semi-standard deviation of both fund returns, with respect to the following parametrization of the financial market : σ = 30%, µ = 8%, r = 3%, T = 8. The coefficients alpha are: α av = 0.8528, α as = 0.9428 and α OBP I = 0.5148. Table 3 shows that neither strategy dominates the other. The Average fund has less expected return, smaller standard deviation as well as semi-standard deviation, a little more skewness and a little less kurtosis that the Asian fund. Thus, with respect to the first four moments of their returns, there is no clear dominance by one strategy over the other, as illustrated by the last three columns of Table 3 , when pairs of strategies are compared. Additionally, the Average and the Asian funds (the two sophisticated funds) are more similar to one another than to the OBPI fund. Results for the OBPI fund are more extreme. 18 
Remark 3 Sensitivity to the volatility of the benchmark index can also be analyzed by computing the Vega of each fund. More generally, from a dynamic point of view, all Greeks of the three funds can be analyzed. Assuming GBM dynamics, with OBPI we simply use the well-known results on Greeks of a standard call option. For the Average fund, Greeks are simply equal to the averages of each respective Greek, which corresponds to the standard Greeks of call options. For example, since the value of the optional component of the Average fund is given by:
we deduce the Vega of the Average fund: 1 8 In Table 3 , symbol "+" (resp. "-") corresponds to a better (resp. worse) ranking for the given criterion. Figure (3.A) illustrates the cumulative distribution function (CDF) of the three fund returns on the whole management period for the same parametrization of the financial market : σ = 30%, µ = 8%, r = 3%, T = 8. Figure (3.B) shows another parametrization of the financial market : σ = 25%, µ = 6%, r = 3%, T = 8. , we note that the Average fund has a much lower probability than the two other funds of winding up at the insured amount V 0 (as can be seen in left part of the figures for return equal to 0%). This feature is detailed in the next section.
For Asian funds, the determination of Greeks is

Cumulative distribution function (CDF) of the three portfolio strategies
This highlights the good smoothing properties of the Average fund and points to the fact that the Asian fund in this respect is much more similar to the OBPI fund than to the Average fund. For small returns, the Asian fund is similar to the OBPI fund, while for high returns, the Asian fund becomes similar to the Average fund. 14 
Comparison of probabilities of delivering merely the guaranteed amount
For a structured fund providing a guarantee corresponding to 100% of the initial investment, it would be a drawback to deliver merely this guaranteed amount at maturity, whereas simply investing in the safe asset would have provided for example, 20% over six years. Thus, the probability of delivering merely the guaranteed amount has important implications.
The result of previous section illustrated in Figure ( 3) is robust, even for continuous-time monitoring (see Appendix for a detailed analysis of the probability of producing merely the guaranteed amount for (theoretical) continuous-time monitoring).
Proposition 4 Whatever the market fluctuations, the payoff of the Average fund always has the lowest probability of being merely equal to the guaranteed amount
Proof. -First, we compare the probability of obtaining only the initial value at maturity for the Average and the OBPI funds. We note that:
-Second, we compare this probability for the Average and the Asian funds. Applying Jensen's inequality, we deduce:
which implies:
This latter relation proves that P V Average T > V 0 ≥ P V Asian T > V 0 . Thus, we get:
As shown in Tables 4 and 5 , for the Asian fund, the probability of obtaining merely the guarantee at maturity is quite close to that of the OBPI fund (slightly higher). For most cases, it lies between approximately 15% and 40%, which is much higher than the corresponding probability for the Average fund and is significantly disadvantageous for these two funds. Table 4 shows this probability for various drift and volatility values (for T = 8 years and r = 3%). As expected, this probability is decreasing with respect to the drift and increasing with respect to the volatility. Table 5 illustrates this probability as a function of the investment horizon T (for µ = 10%, σ = 25% and r = 3%). Again, as expected, this probability decreases as the horizon increases. Table 6 shows the effect of computing the average on more frequent data than quarterly data, namely on weekly data.
Only, the Average fund is significantly affected by this effect. Its probability of delivering merely the guaranteed amount decreases with the frequency of the data and converges to 0 as soon as this frequency rises.
An analytical proof of this result for the continuous-time monitoring case ("the limit case") is available in the Appendix. 
Comparison by means of Kappa performance measures
In what follows, we use the Kappa measures introduced by Kaplan and Knowles (2004) to analyze and compare performances of financial structured products.
The Kappa measures involve downside risk measures, and are defined by:
Note that, when l = 1, the Kappa measure corresponds to the Sharpe Omega measure and when l = 2, to the Sortino ratio. Zakamouline (2013) also proves that Kappa performance measures correspond to measures based on piecewise linear plus power utility functions. When l = 3, the risk measure in the denominator of the Kappa looks like a semi-skewness and when l = 4, the risk measure in the denominator of the Kappa looks like a semi-kurtosis.
As in Bertrand and Prigent (2011), we examine the choice of the threshold L involved in the Kappa ratios. The threshold L must be determined exogenously, for example with respect to decision criteria (e.g. risk aversion). Unser (2000) emphasizes that individuals often exhibit aversion towards downside risk (values of outcomes lower than a given level). Recall that the initial investment V 0 is split into two components: the first, equal to V 0 e −rT , corresponds to the investment on the riskless asset; the second, equal to (1 − e −rT )V 0 , is invested in the risky component of the fund with return denoted by R risky T . Therefore, the expectation of the fund's return is given by:
Thus, every "rationale" threshold L must be lower than 1 + (1 − e −rT )E P R risky T V 0 . 19 Here, we rely on a set of Kappa performance measures to assess the two mean performance strategies as well as the OBPI strategy. More precisely, we compute the Kappa measures corresponding to powers from one to four. We choose to vary the threshold from 2% to 48%, thus taking account of all the relevant cases. 20 for GBM with the following parametrization: σ = 25%, µ = 8%, r = 3%, T = 8. In this setup, the expectations of the three fund returns are the following:
/V 0 = 58.15%. 1 9 Recall that, for the standard buy-and-hold strategy corresponding to VT = V0 + qST , with q =
, threshold L must be lower than L ≤ 1 + (1 − e −rT )e µT V0. This latter condition implies that L ≤ EP [VT ]. Otherwise, for example, the Sharpe Omega ratio is increasing with respect to the volatility (see Bertrand and Prigent, 2011 ).
2 0 Underlined in the tables are the highest values among the three funds. Firstly, and perhaps surprisingly, the Asian strategy is never dominant among the three funds analyzed here. Nor is it ever able to dominate the OBPI strategy, the closest to it. These findings are robust and remain true whatever the parametrization used for the financial market. We vary the drift parameter of the stock price index from 6% to 10% (the risk free rate is still equal to 3%) and its volatility from 15% to 35%. For all volatilities of the underlying risky market, the dominance of the OBPI strategy over the Average strategy increases with the expected return of the risky market (i.e., µ). Indeed, we report a lower threshold beyond which the OBPI strategy Kappa values outstrip those of the Average strategy. On the other hand, for all expected returns, the dominance of the Average strategy over the OBPI strategy is increasing with the volatility of the risky market. Again, the smoothing properties of the Average strategy stand out. It is interesting to analyze the effect of decreasing time to maturity of the funds on the comparison for Kappa measures.
We also introduce here T = 4 and T = 6. Again, we consider a numerical base case for the market parametrization: σ = 25%, µ = 8%, r = 3%. Table 8 gives the results. 21 Note that, for this parametrization and T = 6, the expectations of the three fund returns are the following: For the previous parametrization and T = 4, the expectations of the three fund returns are the following:
As the time to maturity shortens, the Average fund is seen to dominate the OBPI fund (see Table  9 ). Short maturities do not allow a sufficiently low probability of the final index value being less than its initial value. Thus, the smoothing properties of the Average fund can surpass the call properties at maturity of the OBPI fund. However, for long maturities (i.e. 8 years), it seems that the complexity introduced through Average and Asian funds does not pay. Introducing jumps in the index dynamics does not significantly modify the ranking of these three strategies. The Asian fund is never the dominant fund. In what follows, we illustrate this, using empirical data for the underlying index.
Numerical illustration based on empirical analysis
To illustrate our results, we consider two main financial indices, namely the S&P 500 and the Dow Jones Euro Stoxx 50 Index. We use weekly data from January 1992 to December 2012 (dividends not adjusted).
For the estimation, we consider the double exponential Lévy process, defined in Section (2.3). As in Ramezani and Zeng (2007) , we use the maximum-likelihood method to estimate all the parameters associated with the double exponential Lévy process.
We denote respectively by λ 1 and λ 2 the products pλ and qλ 2 where λ is the jump intensity. Recall that the expectation of the positive relative jump (resp. negative relative jump) is equal to η
2 ). The weekly expected return µ J and the weekly volatility σ J are also given in Table 10 . Table 10 : Parameters of the double exponential Lévy process Tables 11 and 12 show the Kappa ratios of the three funds for the S&P 500 and the Euro Stoxx 50 respectively. We fix the time horizon T at eight years and assume that the riskless asset has a return equal to 3% per year.
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We find the same pattern as in the previous section on Monte Carlo simulations for GBM. The Asian fund is never the best fund, whatever the choice of power for the Kappa measure. It never dominates the OBPI fund. It can be better than the Average fund but only when the L/V 0 ratio is high. The Average fund outperforms the other for relatively low L/V 0 ratios and for small powers (l = 1 for example). In Figure 4 , we provide the empirical CDF of the three fund returns. We note in particular that the probability of merely recovering the guaranteed amount at maturity is always lower for the Average fund (about 0.025 for both the S&P 500 and the Euro Stoxx 50), while, for the Asian fund, this probability is about 0.15 for the S&P 500 and 0.13 for the Euro Stoxx 50, and for the OBPI fund, it is about 0.13 for the S&P 500 and 0.11 for the Euro Stoxx 50. The OBPI fund provides a higher probability of obtaining high returns (for example, a probability of about 0.1 of a return higher than 50% for T = 8 years for the S&P 500, while this probability is about 0.09 for the Euro Stoxx 50). For the Asian and the Average funds, this probability is respectively about 0.06 and 0.05 for the S&P 500 and about 0.05 for the Euro Stoxx 50. 
Conclusion
In this paper, we analyze two standard financial structured products both providing a guarantee for 100% of the initial investment and smoothing the fluctuations of a given underlying asset, usually a financial market index. The first fund has an optional component in the form of an Asian call option, while the second is based on an average of call options.
Appendix: Probability of obtaining merely initial value at maturity
In this Appendix, we provide the three probabilities of merely returning initial value at maturity for the continous-time monitoring case. Even if structured products are defined from discrete-time monitoring, it is worth checking what happens if the number of dates at which intermediate performances are computed increases significantly (for example, if the frequency were weekly or even daily).
For the Asian fund, this is also a rather complex formula, while for the Average and OBPI funds, the results are quite simple to analyze. For the Average fund, the probability of obtaining merely the insured amount at maturity (here, the initial fund value ) is null.
This latter result is in line with Proposition (4) for discrete-time monitoring since it makes recourses to an Average fund more attractive. We illustrate this feature for continuous-time monitoring, assuming GBM dynamics. For all the products, we need to determine conditions corresponding to the cancellation of the optional component.
Asian fund
For the Asian fund, the probability of recovering merely the guaranteed amount at maturity is equal to:
Under GBM assumption, the probability distribution of A T = 1 T T 0 S s ds is semi-explicit (by means of multiple integrals). From properties of the Brownian motion with drift, 22 we deduce that the probability distribution of A T is the same as the probability distribution of 
which is nonnegative. 
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Average fund
For the Average fund, the probability of recovering merely the guaranteed amount at maturity satisfies: it can be shown that T 0 I νt+W t <0 dt has a density. 23 This latter result proves that P T 0 I νt+W t <0 dt = 0 = 0, from which we deduce:
Thus, for the Average fund, the probability of its value winding up at the insured level is null.
OBPI fund
For the OBPI fund, the probability of recovering merely the guaranteed amount at maturity is simply equal to:
which is nonnegative.
This latter probability is decreasing (resp. increasing) as soon as the parameter υ = µ σ − 1 2 σ is positive (resp. negative). Condition υ > 0 corresponds to values of the drift µ that are sufficiently high compared to the volatility σ (i.e. µ > σ 2 /2). For example, if the volatility σ is equal to 20%, υ is positive as soon as µ is higher than 2%, which is usually the case. Indeed, the higher the drift, the higher the values of the risky asset, thus the lower the probability winding up with merely the insured amount. Note also that for fixed drift and maturity, this probability is increasing with respect to the volatility. 2 3 When the drift ν is null, the distribution of It<T .
